The local Djallonké sheep in Ghana is characterized by slow growth and low reproductive rates, but is resistant to most diseases and parasites (survival traits). In an attempt to improve the performance of the local sheep, the Ministry of Food and Agriculture has chosen growth rate as the breeding objective. This is being achieved through the Open Nucleus Breeding Scheme, with the Ejura Sheep Breeding Station being the nucleus farm. The objective of this work was to find out which of the three traits (survival, growth rate and reproduction) is worth including in the breeding objective in the sheep breeding scheme in Ghana. The study was carried out at Ejura Sheep Breeding Station. The method used to compare the three traits involved calculating the economic values of the three traits by using computer models. The economic value of a trait was defined as the marginal profit per ewe per year resulting from a unit increase or decrease in the average value of a trait, whilst holding the average levels of all other traits constant, and at a discount rate of 0 and 12.5%. The results of the study indicated that on average, traits associated with survival had the highest average discounted (12.5% over the lifetime of the breeding ewe-5.6667 years) economic value (¢ 3330.04 or $0.36). This was followed by reproduction (¢1944.72 or $0.21) with growth rate recording the lowest average discounted economic value of ¢703.96 or $0.08. This means that the order of importance of the three traits with respect to profit maximization in the sheep industry is survival > reproduction > growth rate. It was concluded that all three traits (survival, reproduction and growth rate) should be included in the breeding objective of the sheep breeding scheme in Ghana, instead of concentrating only on growth traits.
INTRODUCTION
Many small-scale sheep farmers in Ghana face challenges in generating household income. The most important of these challenges are the slow growth and low reproductive rates of local Djallonké sheep. In addition, the exotic Sahelian sheep, which is larger in size, and is currently preferred by many farmers, has high mortality rates due to its susceptibility to diseases and parasites.
It has been known for long (Bradford and Berger, 1988; Dickerson, 1969) that the most effective livestock improvement programme can best be attained by effectively using the animals already adapted to a particular environment. Adaptability is the ability to survive and be productive under whatever environment or combination of environments at which the animals are maintained (Terrill and Slee, 1991) . Breed comparisons of adaptability and productivity should therefore be done in comparable conditions pertinent to the prevailing production environment.
The identification of adapted breeds, which are relatively superior in important productivity indices, will provide means of enhancing production at no additional input costs. However, there will always be a need to address the whole question of the relationship between the nature of the production environment and the objective of breeding programmes in the context of the level of production and adaptation. For example, Dickerson (1973) has reported that, multiple births and long breeding seasons in meat sheep can be beneficial and could also reduce costs of breeding flocks if appropriate nutrition, housing and labour are provided, but not under stressful range conditions. It has always been the objective of every breeder to improve the mean performance of traits of economic importance. There is also the need to note which trait is actually of supreme economic importance. This can be achieved by calculating the economic merit for individual traits. Thus, the traits that have to be improved have to be identified and their relative economic importance established.
In an attempt to improve the performance of the local Djallonké sheep, which is resistant to most diseases and parasites (survival traits), the Animal Production Directorate of the Ministry of Food and Agriculture has chosen a breeding objective of improving the growth rate of the local sheep (LPIU, 2006) . This is being achieved through the Open Nucleus Breeding Scheme, with the Ejura Sheep Breeding Station being the nucleus farm (Ahunu et al., 1995) . The objective of this work was to find out which of the three traits (survival, growth rate and reproduction) is worth including in the breeding objective in the sheep breeding scheme in Ghana.
METHODOLOGY AND ASSUMPTIONS
The method used in this work follows the sequential procedure used by Ponzoni (1986) , Ponzoni and Newman (1989) and Annor et al. (2000) to calculate the economic values of traits. The method involves the following steps:
• specification of breeding, production and marketing system
• identification of the sources of income and expense
•

Specification of biological traits of influencing income and expenses
•
Determination of economic values of each trait
The objective of the present methodology was to develop models that were capable of simulating the life cycle production of one breeding ewe and growth performance of her offspring. Simulations were based on life cycle production of one breeding ewe from her birth to culling (over 68 months or 5.6667 years), and generating rams and gimmers for sale at different parities.
Ejura Sheep Breeding, Production and Marketing System
The study was carried out at Ejura Nucleus Sheep Breeding Station. The Ejura Nucleus Breeding Station uses the West African Dwarf (Djallonké) sheep for production. The production programme actually focuses on the improvement of growth rate of Djallonké sheep and to supply improved males to multipliers or participating breeders who will multiply and sell same to farmers for further production.
Sheep housing at the station is made of permanent concrete structures from the ground level to a height of one meter, and it is continued with wire mesh up to the ceiling to aid ventilation. It is roofed with corrugated iron sheet and is partitioned into various pens based on sex, age, and breeding purposes. Available in each pen are feeding and drinking troughs, and crush pens. The floors are cemented and sloped gently to ensure easy flow of urine, and also to promote easy drainage and scrubbing.
The sheep graze on pasture as well as the rangeland. Pasture consists of Centrosema pubescens, Cynodon plectostachyus (Giant star grass), Panicum maximum (Guinea grass), Ficus indica, Cajanus cajan and Stylosanthes hamata. Supplementary feeds including rice straw, hay, concentrates, brewers' spent grain, palm kernel cake and cassava peels are also fed to the animals.
Feed supplements are mostly fed to the animals during the dry season, and to nursing mothers.
Deworming as well as deticking are some health practices carried out on the farm to control endoand ecto-parasites respectively. All sick animals are mostly identified and isolated for treatment. Antibiotics are used for the treatment of diseases such as pneumonia, enteritis, dysentery and mastitis. Animals are also vaccinated against Pest de Petite Ruminant (PPR) each year. Deworming and deticking are done twice in every month during the raining season, whereas in the dry season, deworming is done once every month. Fig. 1 shows the life cycle of one breeding ewe from birth to first lambing at 12 months to last parity at 68 months when it is culled out to the market, and replaced by one gimmer. The biological parameters that were used to construct Fig.1 are shown in Table 1 . It was assumed that the ewe completes its entire life cycle over 68 months or 5.6667 years, and is replaced by one gimmer at the end of its life cycle. All other females apart from one replacement gimmer were sold. All males were also sold ( Fig.  1) .
Determination of the Sources of Income and Expenses
The sale of animals and government subvention was the main source of income for the farm. Breeding males were sold to multipliers for breeding and multiplication purposes. Unproductive as well as old animals were also sold out for meat to obtain income. The average selling price of a sheep was ¢20,000 per kilogram live weight (Table 1) . et al., 1988; Barwick, 1992) , is demonstrated in equations 1, 2, 3, 4 and 5 below:
P1= profit per ewe before genetic improvement P2= profit per ewe after genetic improvement MC1= marginal cost per ewe before genetic improvement MC2= marginal cost per ewe after genetic improvement MR1= marginal returns per ewe before genetic improvement MR2= marginal returns per ewe after genetic improvement EL = end of life cycle of ewe in years (5.6667 years) EV = economic value (marginal profit per ewe per year)
The analysis was done in a partial budgeting framework by considering only those parts or items of the budget that change. Fixed costs were ignored, since income and expense were combined as a difference, and do not include the items of the budget that do not change (Ponzoni, 1986) . Appendix 1 shows the cost-benefits streams of traits over the life time of a ewe.
The combined life cycle profit was scaled down from a life time profit to a per ewe-year basis by dividing marginal profit by the total number of years in which a ewe completes its entire life cycle (Equation 5 ). Calculating profit in oneyear yields allows for frequency of expression of traits (Ponzoni and Newman, 1989) . All costs and returns were discounted over the lifetime of the breeding ewe (68 months or 5.6667 years), taking into account the time of expression of traits (Smith, 1978) by applying the expression below at a discount rate of 0 and 12.5 %.
Where DF is the discount rate and t is the number of years of expression of a trait. The 12.5 % discount rate represented the inflation rate in Ghana as at the time of preparing the manuscript. In doing economic analysis of a livestock enterprise the inflation rate at that time could be used as the discount rate (Smith, 1978) . The two discount rates (0 and 12.5%) were chosen in order to make allowance for adjusting net profit (at 0% discount rate) to allow for a decrease in value of the future net returns by using the 12.5% discount rate, which was the inflation rate at the time of carrying out the research. This implies that at 0% discount rate benefits/costs to be received/incurred in future have the same value today as in future; that is the future benefits/costs are not discounted at all.
RESULTS
Reproductive Traits
The values obtained as a result of 1% increase or decrease in the average values of reproductive traits at 0% and 12.5 % discount rates are presented in the Table 2 . The average economic value obtained for the reproductive traits at 0% and 12.5% discount rates were ¢2286.07 and ¢ 1944.72, respectively. EFR and LSB were the traits with the highest economic values. EFR and LSB also had the same economic values. Economic Values for ENDLIFE regressed greatly towards zero more than any other trait when discounted. It can also be observed that LAMB-FIRST was the trait with the lowest economic value.
Survival traits
The average value obtained for the survival traits were ¢3746.3 and ¢3330.04 at 0% and 12.5% discount rates respectively (Table 3 ). The value for SWM was slightly higher than that of SBW. (Table 4) . Among the growth traits rPODG had the highest economic value, followed by both rLPRDG and eLPRDG with gPODG having the lowest economic value.
General Observations
The results of the study indicated that on average, traits associated with survival had the highest discounted economic value (¢3330.04). This was followed by reproduction (¢1944.72) with growth rate recording the least economic value of ¢703.96.
DISCUSSION
Reproductive Traits
It could be observed that among the reproductive traits EFR and LSB had the same economic values (Table 2 ). This pre-supposes that the correlation between the two traits is +1. An increase in one of them may lead to a proportionate increase in the other. Again, EFR and LSB had the highest economic values when compared to other reproductive traits, indicating that they are the two most important traits in terms of reproduction. Among the reproductive traits, LAMB- Table 4 : Economic values for growth traits FIRST was the trait with the lowest economic value (Table 2 ). This gives an indication that the age at first lambing of Djallonké breed is long. In other words the breed matures and gives birth late.
ENDLIFE regressed to zero more than any other reproductive trait (Table 2) , because of the longer time of expression of the trait at the end of the life cycle. When an animal stays longer in the flock, it becomes less productive and expensive to maintain in terms of feed and husbandry. Again, at that old age, the animal's market price may reduce.
Survival Traits SWM had a slightly higher economic value than SBW (Table 3) , although mortality rate from birth to weaning was greater than that from weaning to maturity (Table 1) . This is because lambs are more susceptible and more vulnerable to diseases and parasitic infections than when they are older.
In that case, the cost of production incurred in the husbandry of the young lambs before weaning would be higher than that from weaning to maturity. The returns associated with the preweaning stage is also lower than that of the post weaning stage. These factors interact to give lower economic values for SBW compared to SWM.
Growth Traits
Among the growth traits rPODG had the highest economic value compared to rLPRDG and eLPRDG because of the length of time involved in each of these stages of life. Growth early in life (rLPRDG and eLPRDG) is short compared to late growth (rPODG) in life. Rapid growth early in life does not increase the amount of product produced, as slow growth later in life would do, because end points are completely determined by passage of time (Mac Neil et al.,1994) . gPODG had the lowest economic values than all other growth traits because one gimmer was used to replace the old ewe. This reduced the returns associated with gPODG, and thus reducing its economic value. This means that small dams that have higher litter size and wean their litters successfully are required in meat sheep production (Dickerson, 1973) .
The results of this study indicated that on average, the order of importance of the traits with respect to profit maximization in the sheep industry in Ghana, is Survival> Reproduction>Growth rate.
A similar work conducted by Upton (1985) in Nigeria and Greeff et al. (1995) in South Africa suggested that the most critical area, where improvements were most needed, was that of reducing mortality and increasing survival. Annor et al. (2000) also observed in beef cattle in Ghana that survival traits had the highest economic value, followed by reproduction with growth rate having the lowest economic value. Baker and Rege (1994) also pointed out that in most subsistence tropical farming systems, survival in the face of multiple stresses (heat, diseases, etc.) is one of the most important economic traits, while increasing growth rate is of less economic value.
However, Mac Neil et al. (1994) reported conflicting results to the current study. They observed that economic values for male fertility, female fertility and calf survival were smaller compared to the economic value of growth rate.
In their studies, post-weaning growth rate was the trait with the highest economic value. In another study (Rewe et al., 2006) , reproductive traits had the highest economic values followed by survival and feed intake in that order.
CONCLUSION AND RECOMMENDATION
The present study shows that survival and reproductive traits are the most important traits contributing towards improved profitability in the Djallonké sheep industry in Ghana. Growth rate per se, which has been selected as the objective of genetic improvement in sheep production in Ghana by the Ministry of Food and Agriculture is not important compared to survival and reproduction.
By the application of the selection index theory which optimizes the efficiency of animal production by combining different traits in a breeding programme (Van Vleck et al., 1987) , it is recommend that all the three traits (survival, reproduction and growth rates) need to be included in the breeding objective of the sheep breeding scheme in Ghana by the Ministry of Food and Agriculture, instead of concentrating only on growth traits. (Adesiyan et al., 1990; Jatala and Bridge, 1990; Emehute et al., 1998) . It is the most important and prevalent nematode on yam in Ghana (Plowright and Kwoseh, 1998) , largely determining yam tuber quality and storability. They can cause a reduction of 20-30% in tuber weight at harvest (Smit, 1967) . According to Coursey (1967) , nematode infection contributes to long term storage losses and has been estimated as 50%. In severe cases, loss may be total.
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Scutellonema bradys resistance in yams Kwoseh et al.
S. bradys also acts as wounding agents and creates infection courts in tuber for fungi and bacteria to gain entry easily and cause wet rot (Bridge, 1982) .
Yams, when grown as a subsistence crop, are generally not treated with pesticides and chemical treatments are not widely used for nematode control. Farmers have therefore relied on natural variation for their selection of suitable varieties of yam to cope with the damage caused by plant parasitic nematodes. Nematode resistant yam cultivars can be one of the most useful, economical and effective means of managing nematodes for resource-poor farmers. New and more productive varieties with resistance to nematodes are therefore, needed to increase and sustain productivity of yam cultivation. Asiedu et al. (1998) showed that there is hope for the existence and management of genetic resistance in Dioscorea spp. According to Degras (1993) and Akoroda and Hahn (1995) , substantial research investment has been made in the control of diseases and pests of yams and these efforts are continuing. However, the breeding for resistance against yam nematodes has been one of the most neglected research areas. This may be because of the genetically complex nature of the crop (Akoroda and Hahn, 1995) and few trained nematologists pursuing this goal. To breed such genotypes, sources of resistance in yams need to be identified. Also, reliable and reproducible screening methods are essential since escapes or misclassifications waste breeding effort and these have been developed and refined (Kwoseh et al. 2002) . The objectives of this research were therefore to examine the variations in susceptibility of Dioscorea spp. to Scutellonema bradys, and identify sources of resistance for use in yam improvement programmes. The term 'resistance' in the context of this study refers to the degree of difficulty of multiplication of the nematode in either yam roots or tuber tissues (Cook and Evans, 1987) .
MATERIALS AND METHODS
Juvenile and adult stages of Scutelonema bradys obtained from S. bradys-infected yam peelings was used for inoculation. The S. bradys populations were collected from various farmers' fields in the major yam growing zones in Ghana and the Kumasi Central market.
The yams used for the studies were obtained during a farmer-pest appraisal in the major yam agroecological zones in Ghana. Local and traditional yam varieties or landraces were collected from almost all the towns and villages visited in the districts. Selected yam varieties were screened for S. bradys resistance in pot and field experiments.
Yam plants were raised using the yam minisetts technique (Otoo et al., 1987) . In this technique, the head region of the yam tuber was cut off and then the other portions sectioned horizontally into discs. Each disc was cut into parts with peel of the tuber. Setts weighing about 40 g were used for pot trials and 100g for field trials. The cut surfaces of the setts were treated with Benlate-wood ash mix. The treated setts were then pre-sprouted in a quantity of sterilised moist coco-peat (shredded coconut husk) in plastic boxes in the screenhouse. The coco-peat was moistened with Benlate, a systemic fungicide (25 g/11 litre water). The treated setts were spread on top of the coco-peat in a plastic box and then covered with another layer of moist coco-peat. This method was used to obtain more uniform plant establishment, tuber size and tuber maturity. Uniform plants of about 4 weeks old were used for the experiments. (Table  1) . Uniform plants from 100 g minisetts obtained as explained above were transplanted in mounds four weeks after sprouting at 1 m x 1 m planting spacing.
Assessment of yam varieties for nematode resistance
Two weeks after planting, each plant in the mound was infested with about 6,000 juvenile and adult stages of S. bradys (50 g S. bradysinfected yam peelings). A trench of about 5cm from the stem of each plant was made around the plants in the mound and at a depth that exposed some of the roots. The chopped infected tuber peelings were then spread around the roots and covered again with the soil. A randomised complete block design (RCBD) with four replicates was used. The entries were harvested 36 weeks after transplanting and stored in baskets kept in an open-air yam barn. Visual nematode damage symptoms score (Kwoseh et al., 2002) and weight of tubers were recorded at harvest and at four and 11 weeks after harvest.
Each of the tubers in the screen was washed and peeled from the proximal to the distal end at two places and opposite to one another at four and 11 weeks after harvest for nematode extraction and counting. The yam tuber peelings were then chopped into 3 to 4 mm wide and about 1cm long pieces for nematode extraction. Nematodes were extracted by the modified Baermann tray method (Whitehead and Hemming, 1965) . were treated and pre-sprouted in sterilised cocopeat as described above. About four-week old plants of these yams were each potted into twolitre size pots containing about 1.5 litres of heat sterilised 2:1 soil-cocopeat mix. A simple line screening design with five replicates was used.
The potted plants were allowed three weeks in the screenhouse to establish and then were each inoculated with about 800 active juvenile and adult stages of S. bradys (50 g chopped S. bradys-infected tuber peelings) in a similar way as described in Experiment 1. The inoculated plants were harvested nine weeks after inoculation. Roots and tubers of all test plants were washed and fresh weights taken separately and symptoms of nematode injury were scored (Kwoseh et al., 2002) . Nematodes were extracted from washed roots or tuber peelings and the number of S. bradys counted. Each tuber was completely peeled. The roots or tuber peelings for each entry were chopped separately with a pair of scissors and then 5 g tissue of each was placed on to a two-ply facial tissue supported on a sieve placed in a plate. The set-up was left for 48h under ambient conditions in the laboratory to collect the nematodes in a water suspension.
Data were transformed using square root for nematode counts and arcsin for percentages. Analyses of data were made using SAS Software Release 6.12 (1996) .
RESULTS AND DISCUSSION Experiment 1: Field evaluation of Ghanaian yam varieties for S. bradys resistance Analysis of variance revealed highly significant differences (P>0.001) between the yam varieties screened for S. bradys reaction. Mean S. bradys counts at four weeks ranged from 0 to 1073/5 g and from 0 to 1050/5 g at 11 weeks after storage (Table 1) .
In general, the number of S. bradys and dry rot of tuber as well as tuber cracking increased during the storage period (Table 1) . Dry rot and tuber cracking at harvest and after 11 weeks of tuber storage showed significant differences (P > 0.01) between varieties. The coefficients of variation (CV) for the variables were high (Table 1 ). This may be because of the high variation in susceptibility between varieties.
It was observed that severely infected yam tubers with severe rot and cracking had large nematode populations. However, some infected tubers with symptoms recorded low nematodes counts (Table 1 , e.g. TDr Labarko) probably because these tubers were either dried out or completely destroyed by dry rot disease with very little or no living tissue remaining.
Strong correlation (r = 0.9, r = 0.5 and r = 0.7) occurred between internal dry rot and tuber cracking at harvest and at four and 11 weeks after storage respectively. Dry rot of tubers also correlated positively (r = 0.6) with S. bradys populations in the yam tubers. This relationship confirms that (Bridge et al., 2005) S. bradys causes internal dry rot of tubers resulting in external cracking of yam tubers. Following these results, dry rot symptoms could be effectively used to select for resistance to S. bradys in yam tubers either at harvest or after about four weeks of storage.
Based on S. bradys populations, all the Ghanaian yam varieties of D. rotundata and D. alata screened were susceptible. This agrees with Adesiyan (1977) and Bridge (1982) who examined yam cultivars from West Africa. D. dumetorum var. Nkanfo and D. cayenesis var. Afun were found to be resistant. D. dumetorum var. Nkanfo did not support reproduction and was not damaged by the nematode. According to Bridge et al. (2005) , D. dumetorum is generally considered to be less susceptible to nematodes. In this study, these yams are considered resistant because they had zero or relatively low dry rot indices and supported very small nematode populations (Table 1) . (Table 2 ). This indicates that these visual disease symptoms are useful parameters for rating host resistance or susceptibility in yams.
In most cases, high dry rot symptoms were associated with high nematode numbers. There was strong correlation (r = 0.7) between internal dry rot in tubers and S. bradys populations in tubers. Tuber cracking also strongly correlated (r = 0.8) with internal dry rot symptoms.
Tuber weight loss of 16.0 to 74.5% was recorded over the eight-week storage period with D. rotundata var. Sante recording the largest weight loss while D. dumetorum var Nkanfo was the least affected (Table 2) . Tuber weight reduction among the yam varieties was substantial and highly significant differences (P<0.01) were observed between them.
There was correlation (r = 0.4) between tuber weight loss and dry rot disease. These results indicate that dry rot disease may have contributed to the tuber weight loss. According to Smit (1967) , S. bradys caused a reduction of 20-30% in tuber weight. This study followed a similar trend as reported in the previous field trial ( S a n t e M a t c h e s N k a n f o A f u n S. bradys numbers were generally larger in roots than in tubers with the resistors recording the smallest numbers (Figure 2 ). There were highly significant differences (P>0.01) between the yam varieties regarding S. bradys populations in the tubers.
Experiment 3: Pot screening of selected Ghanaian yam varieties for S. bradys resistance Dry rot symptoms and tuber cracking ranged between 0 and 2.4 and D. dumetorum var. Nkanfo was apparently symptomless (Table 3 ). Significant differences (P > 0.05) were also observed between the yams for dry rot disease and tuber cracking.
There were strong correlations (r = 0.7, r = 0.8) between dry rot disease and tuber cracking and number of nematodes in tubers respectively. The pot trial showed that visual damage caused by the yam nematode is useful for evaluation of resistance or susceptibility in Dioscorea.
Although roots supported S. bradys reproduction, there was no correlation between susceptibility in roots and tubers. This means that susceptibility in roots cannot be used to select for S.
bradys resistance in yams. This is probably because the roots responded to stimulatory substances released by the nematode (Reddy, 1987) hence, created a favourable condition for their reproduction and multiplication. Also, it may be that there are nutrients or chemicals in the roots, which nematodes prefer. Developing roots are more tender than tubers so, this might have made it easier for S. bradys to penetrate and reproduce. The formation of roots and tubers and functions of these organs could also have played a role, and, probably there was a better S. bradys interaction in roots than in tubers. In general, the benefit-to-cost ratio of breeding nematode resistant varieties is economically beneficial , particularly, to the resource-poor farmers. The identification of the resistant genotypes or sources of resistance would constitute the beginning of more focused effort in breeding for host plant resistance. Therefore, the information developed in this study should greatly help in yam breeding programmes for the continued search of nematode resistance in Dioscorea.
CONCLUSIONS
The conclusions derived from the study are as follows:
• In general, S. bradys population density and dry rot disease of yam tuber as well as tuber cracking increased with storage. This shows that the yam nematode is a serious storage pest.
• An efficient, positive pot and field screening methodologies with improved precision have been developed to make meaningful selections from yam germplasm.
• Results demonstrated a linear relationship between nematode damage and population densities in yam tubers, implying visual disease symptoms are useful parameters for rating host resistance in yams. Dry rot symptoms of yams could therefore be used to discard susceptible yam varieties at harvest and after a period of storage.
• There was no correlation between S. bradys susceptibility in roots and tubers, therefore, within the limits of this study a root protocol cannot be used for assessing resistance in yams as it could give misleading classification.
• Based on S. bradys populations, all the yam varieties of D. rotundata and D. alata in the screen were susceptible however, there was a high variation in susceptibility between the yam varieties.
• Tuber weight reduction among the yams was substantial after a period of storage. There was also a positive correlation between tuber weight loss and dry rot disease indicating that dry rot disease may have contributed to the tuber weight loss.
• D. dumetorum var. Nkanfo and D. cayenensis var. Afun were resistant to S.
bradys. These yams are considered resistant because they did not support multiplication of S. bradys or had relatively smaller dry rot damage and supported very small nematode populations.
• Mass screening of yam germplasm using the yam minisett both in field and pot trials is practical and convenient considering the cost of tissue culture material. Mounds and ridges should be infested with infected yam peelings to avoid escapes.
